1. Introduction
===============

*Klebsiella pneumoniae* (*K pneumoniae*) is a gram-negative, gas-producing, capsulated, nonmotile, enteric bacillus. It exists widely in nature and is one of the normal flora in the human intestine and oral cavity.^\[[@R1]\]^*K pneumoniae* has been implicated as a common cause of infection in the human body. There are a number of virulence factors that contribute to the pathogenicity of *K pneumoniae*, including a hypermucoviscosity-specific capsular serotype, especially K1 or K2, and the virulence genes *FimH*, *rmpA*, *uge*, *kfu*, and *alls*.^\[[@R2],[@R3]\]^ K1 and K2 serotypes are more prevalent in invasive infections and are strongly associated with fatal outcomes. The invasive *K pneumoniae* strains were reported as having a hypermucoviscous phenotype associated with serotypes K1 and K2. Serotype K1 of *K pneumoniae* was associated with a hypermucoviscosity phenotype, was more resistant to neutrophil phagocytosis, and was reported as the major serotype that induced deep abscesses. ^\[[@R2]--[@R4]\]^ However, hypervirulent *K pneumoniae* strains and antibiotic-resistant *K pneumoniae* have emerged separately across the world. *K pneumoniae* is one of several bacteria that have exhibited a dramatic increase in antibiotic resistance in the past decades. Perhaps because of the selective pressure of treating extended-spectrum β-lactamase infections with carbapenems, carbapenem resistance has emerged, and *K pneumoniae* is the most common carbapenem-resistant *Enterobacteriaceae*.^\[[@R5],[@R6]\]^ As a result, treatment has become more challenging. There is an increasing mortality and morbidity associated with this organism.^\[[@R7]\]^ In China, the isolation rate of *K pneumoniae* increased from 2.4% to 13.4% year by year, and carbapenem resistance among *K pneumoniae* isolates increased from 2.9% to 13.4%.^\[[@R8]\]^

Herein, we present an adult patient with multiple invasive abscesses induced by *K pneumoniae* with definite K1 serotyping. He was cured after long-term antibiotic treatment and surgical treatment.

2. Case representation
======================

The patient was a 69-year-old previously healthy Chinese male with no significant medical history and surgical history but with a history of lumbar intervertebral disc protrusion for \>10 years. He presented with fever, chills, and backache for 10 days and had suddenly experienced fever up to 40°C. He sometimes experienced ocular pain without visual disturbance. The patient was treated with moxifloxacin for 3 days (400 mg, intravenous drip \[i.v. D\]) and merocillin/sulbactam sodium (3.75, q8 h, i.v. D) for 2 days, and then his body temperature fluctuated from 37°C to 38.8°C.

Blood analysis revealed signs of inflammation: C-reactive protein level of 316 mg/L and procalcitonin level of 10.88 ng/mL. WBC (171,000 cells/mL) and the percentage of neutrophils (92%) increased, and thrombocytes were in the reference range. Liver enzymes were increased (aspartate aminotransferase 56.2 U/L, alanine aminotransferase 67.6 U/L and gamma glutamyl transferase 179.9 U/L). To exclude special bacterial infections, serological examination of *Brucella* and interferon γ release assays for tuberculosis were tested, and the results were negative. Kidney function was at the normal level. An initial lung computed tomography (CT) scan showed that multiple nodules with small cavities were observed in the lungs (Fig. [1](#F1){ref-type="fig"}A--C). An initial abdominal CT scan showed that there were several round, mild, hypodense areas; the boundary was not clear, and the edges were slightly enhanced (Fig. [2](#F2){ref-type="fig"}A--C). The results of a CT scan indicated that the patient had a hematogenic pulmonary abscess and liver abscess. *K pneumoniae* was isolated from blood and was found to be sensitive to several antibiotics (including gentamicin, aztreonam, ceftriaxone, levofloxacin, piperacillin-tazobactam, cefepime, imipenem, and meropenem); the isolate was identified as a K1 serotype based on the positive findings of *magA* gene detected by polymerase chain reaction (PCR). Brain magnetic resonance imaging (MRI) revealed a bilateral posterior fossa subdural effusion, subsequent hydrocephalus, and edema in the ventricle (Fig. [3](#F3){ref-type="fig"}A--C). Because of obvious lumbar backache, MRI of the lumbar region was required for inspection. The results showed abnormal signal shadows in lumbar vertebrae 1--5 and sacrum 1, thickening soft tissue around lumbar vertebra 5 and sacrum 1, and an abnormal signal shadow in the soft tissue of the lower back (Fig. [4](#F4){ref-type="fig"}A--C) (Table [1](#T1){ref-type="table"}).

![CT scan of the lung. (A, B and C) Initial CT lung images after hospitalization in our hospital. Multiple nodules and some with a small cavity were observed (marked with white arrows). (D, E and F) The follow-up CT lung images from 2 months later.](medi-98-e17362-g001){#F1}

![The contrast-enhanced CT scan of the abdomen. (A, B and C) The initial contrast-enhanced CT abdomen images after hospitalization in our hospital. Multiple round mild hypodense areas were observed and are marked with white arrows. (D, E and F) The follow-up CT abdomen images from two months later.](medi-98-e17362-g002){#F2}

![Imaging examination of the brain. (A, B and C) The initial contrast-enhanced MRI brain images. (A) T1 image. (B) T2 image. (C) T2 images of the sagittal position. The bilateral posterior fossa subdural effusion, subsequent hydrocephalus, and edema in the ventricle are displayed and marked with white arrows. (D) The follow-up CT of the brain after excision of the brain abscess.](medi-98-e17362-g003){#F3}

![MRI of the lumbar region. (A, B and C) The initial contrast-enhanced MRI lumbar images. (A) T1 image. (B) T2 image. (C) Fat-suppressed image. Abnormal signal shadows in lumbar vertebrae 1-5 and sacrum 1, thickening of the soft tissue around lumbar vertebra 5 and sacrum 1, and an abnormal signal shadow from the soft tissue of the lower back were observed (marked with a white arrow). (D, E, and F) Follow-up MRI images 2 months later. (A) T1 image. (B) T2 image. (C) Fat-suppressed image.](medi-98-e17362-g004){#F4}
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Summary of *Klebsiella pneumoniae*-induced multiple invasive abscess cases reported in the literature.

![](medi-98-e17362-g005)

Treatment was started with cefepime (2.0, q8 h, i.v. D, for 5 days) and then was changed to meropenem (2.0, q8 h, i.v. D) after verifying central nervous system involvement. After treatment with meropenem for 2 days, the body temperature of the patient recovered to the normal level, but his backache was not markedly relieved. Next, a CT scan of the lumbar vertebrae was performed, and the results showed that a high-density shadow was located in the lumbar 5 and sacral 1 vertebral bodies, and the surrounding soft tissue was thickened, especially around the left psoas (Fig. [4](#F4){ref-type="fig"}A--C). After 15 days of treatment, the patient experienced right ocular pain aggravated with visual disturbance. Tyndall sign was strongly positive, and lens opacity was observed by an ophthalmologist. Intraventricular injection of glass and an anterior chamber puncture with ceftazidime (0.4 mg) and amikacin (0.4 mg) were performed twice. The patient\'s ophthalmodynia disappeared, and his vision recovered. The rescrutinized CT scan of the lung and liver showed that the focus of the abscesses was decreased greatly and even disappeared (Fig. [1](#F1){ref-type="fig"}D--F and Fig. [2](#F2){ref-type="fig"}D--F). Excision of brain abscess was performed to remove the brain abscess after 23 days of antibiotic treatment because of a refractory headache and the unreduced volume of the brain abscess. After the surgery, the patient\'s headache and backache were relieved, and his stiff neck disappeared. The results of the CT scan of the brain showed recovery (Fig. [3](#F3){ref-type="fig"}D). The lumbar MRI was reexamined, and the results showed that the abnormal signal shadow in the soft tissue of the lower back disappeared (Fig. [4](#F4){ref-type="fig"}D--F). After \<3 months of treatment, the patient left the hospital without any discomfort.

3. Discussion
=============

*K pneumoniae* is a frequently isolated, well-established bacterial pathogen.^\[[@R9]\]^ A *K pneumoniae* infection can involve the liver, lung, urinary tract, abdominal cavity, blood, and central nervous system, and it can be life-threatening.^\[[@R6]\]^ Here, we report a case of *K pneumoniae*-induced multiple invasive abscesses exhibiting a K1 serotype by detection of the *magA* gene via PCR assay. The K1 serotype of *K pneumoniae* is the major serotype that induces deep abscesses.^\[[@R4],[@R11],[@R12]\]^ Invasive infection caused by *K pneumoniae* is common in immunosuppressed patients, but it could also be observed in some immunocompetent patients. It was reported that prevalence of *K pneumoniae* in healthy adults was 75%, with a high prevalence (23%) of serotype K1 or K2 isolates in Taiwan.^\[[@R13]\]^ The high prevalence of virulent *K pneumoniae* strains in patients of Asian descent is probably why the prevalence of this invasive syndrome is so high in this population. In this case, K1 serotype is the major risk factor. Although the bacteria were identified as sensitive to most kinds of antibiotics, multiple invasive abscesses in this case were still life-threatening. A more hypervirulent gene, such as *rmpA*, should be detected by PCR.^\[[@R14]\]^ However, the samples of the isolated bacteria were not preserved, and unfortunately, no additional DNA could be used for further examination.^\[[@R3],[@R14]\]^

Most patients with *K pneumoniae* invasive infection have a severe infection, and some of them die from this life-threatening condition, especially those with bloodstream infection and multiple invasive abscesses.^\[[@R15]\]^ The most common manifestations of metastatic infection are endophthalmitis, meningitis, and brain abscesses. Other manifestations include lumbar or cervical spondylitis and discitis, septic pulmonary emboli, lung abscesses, splenic abscesses, necrotizing fasciitis, neck abscesses, cerebral abscesses, purulent meningitis, otitis media, osteomyelitis, arthritis, prostate abscesses, pylephlebitis, and psoas muscle abscesses.^\[[@R10]--[@R12],[@R16]--[@R18]\]^ The outcome of some patients with *K pneumoniae*-induced endophthalmitis could be complete visual loss.^\[[@R2],[@R10]--[@R12]\]^ Furthermore, severe *K pneumoniae* infection could result in death because of intracranial hypertension, cerebral hernia, and sepsis.^\[[@R1],[@R17]\]^ CT and enhanced CT scans are the best imaging examinations for discovering deep abscesses, especially those in the lungs, brain, pelvis, spine, and abdomen. MRI and enhanced MRI could also be used to scan for deep focal infection in the brain, spine, and abdomen. A specialist is also needed when specific infected organs are involved. In this case, the *K pneumoniae*-induced infection involved the liver, lung, blood, eye, soft tissue, and central nervous system. The patient\'s condition deteriorated rapidly. The multiple abscesses in the lung and liver were very small, and drainage could not be performed. Fortunately, the patient was examined and treated by an ophthalmologist after he felt ocular pain aggravated with visual disturbance. Excision of brain abscess was performed to remove the brain abscess. His outcome could have been life-threatening without these surgical treatments combined with appropriate antibiotic therapy.

Moxifloxacin, merocillin/sulbactam sodium, and cefepime were used in this case. However, the patient\'s clinical symptoms gradually worsened, although *K pneumoniae* organisms isolated from the blood were identified as being sensitive to these antibiotics. However, his body temperature and other clinical manifestations improved after treatment with meropenem. In this case, the patient had a severe case with a bloodstream infection and multiple invasive abscesses. The susceptibility of bacteria to antibiotics *in vivo* is not always the same as the results *in vitro*,^\[[@R19]\]^ but can be influenced by many factors, such as host immunology and biofilm formation.^\[[@R20]\]^ Susceptibility test results are important and predictive, but antibiotic behaviors must be evaluated *in vitro* and *in vivo* to confirm their suitability for therapeutic use.^\[[@R21]\]^ The choice of antibiotics needs to change according to the antimicrobial susceptibility test results *in vitro*, assessment of the illness, and therapeutic effect of the antibiotics *in vivo*. Surgical intervention must be evaluated for patients with multiple invasive abscesses.

This case might contribute to improving our understanding of the importance of imaging examinations of severe *K pneumoniae* infection.

4. Patient consent
==================

Written informed consent was obtained from the patient for publication of clinical data, including all images in this case report.
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